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TITLE OF THE INVENTION 
CHARGED PARTICLE BEAM EXPOSURE APPARATUS AND EXPOSURE 
METHOD 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 This application is based upon and claims the 

benefit of priority from the prior Japanese Patent 
y, Application No. 2001-067229, filed March 9, 2001, the 

Q 

Cl entire contents of which are incorporated herein by 

rtj reference. 

55 10 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a charged 
particle beam exposure technique for forming a desired 



0 
H 

CI pattern on a sample, particularly to a charged particle 



beam exposure apparatus and exposure method in which 
a mark formed on a sample is used to adjust positions. 
2. Description of the Related Art 
An electron beam exposure apparatus shown in 
FIG. 1 has heretofore been used as an apparatus 
for forming an LSI pattern on a semiconductor wafer. 
In FIG. 1, a reference numeral 1 denotes an electron 
gun, 2a to 2c denote lenses, 3 denotes a first 
aperture, 4a, 4b denote deflectors, 5 denotes a second 
aperture, 6 denotes a wafer, 7 denotes a stage, 8 
denotes a chip, 9 denotes a mirror, 10 denotes a laser 
interferometer, 11 denotes a detector, 12 denotes 
an alignment mark, 13 denotes a reflected electron, 



and 14 denotes an electron beam. Additionally, in many 
cases, the deflector 4a for use in selecting a beam 
position of the second aperture 5 is disposed above and 
below the second aperture 5 to deflect a beam from an 
5 optical axis, and to return the deflected beam to the 

optical axis, but it is shown here in a simple manner, 
i.e. only above the second aperture 5. 

In the apparatus, when the pattern is exposed on 
the wafer 6, a relative position of the pattern on the 

10 wafer 6 with an optics needs to be adjusted. A method 

for this adjustment includes: using the mirror 9 and 
laser interferometer 10 to constantly monitor the 
position of the stage 7; scanning the alignment mark 12 
formed for each chip 8 on the wafer 6 with the electron 

15 beam 14; detecting the reflected electron 13 from the 

mark 12 by the detector 11; and measuring the position 
of the mark 12 . 

However, this type of method has the following 
problems. That is, since the mark is detected for 

20 each mark 8 on the wafer 6, as shown by arrows in 

FIG. 2A, a frequency of stage movement 2 0 increases. 
As a result, an exposure throughput decreases. 
Moreover, by an electron beam scanning 21, a resist 
on the mark 12 is excessively exposed to light, 

25 an insoluble region 22 is generated, and this causes 

dust generation. 

As described above, in the conventional alignment 



in the electron beam exposure, since the frequency of 
the stage movement increases, the throughput decreases. 
Moreover, another problem is that the resist on the 
mark is excessively exposed to the electron beam 
scanned for the alignment, the dust generation is 
caused, and an alignment precision is deteriorated. 

Therefore, it has been necessary to realize 
a charged particle beam exposure apparatus and exposure 
method in which a resist can be prevented from being 
excessively exposed to the beam scanned for the 
alignment, and a throughput and the alignment precision 
can be enhanced. 

BRIEF SUMMARY OF THE INVENTION 

According to a first aspect of the present 
invention, there is provided a charged particle beam 
exposure apparatus, comprising: 

a beam gun which emits a charged particle beam; 

a projection optics which shapes the charged 
particle beam and projects a desired pattern; 

an incident energy control circuit which controls 
an incident energy of the projection optics; 

a sample stage loaded with a sample in which 
an image projected from the projection optics is to be 
formed, a plurality of first marks are formed 
beforehand, and a plurality of second marks are exposed 
to the charged particle beam with a first incident 
energy by the projection optics in the vicinity of the 



plurality of first marks; 

a detector to detect an electron signal generated 
from a region including the plurality of first marks 
and the plurality of second marks, when the region is 
scanned with a second incident energy different from 
the first incident energy; 

a calculation circuit which calculates a 
positional shift amount between the plurality of first 
marks and the plurality of second marks from the 
detected electron signal; 

a correction circuit which corrects positions of 
the plurality of first marks on the sample based on the 
calculated positional shift amount; and 

an exposure control circuit which aligns the 
desired pattern based on the corrected positions of the 
plurality of first marks. 

According to a second aspect of the present 
invention, there is provided a charged particle beam 
exposure method comprising: 

exposing a second mark on a sample to a charged 
particle beam with a first incident energy based on 
a position of a first mark formed on the sample 
beforehand; 

scanning a region including the first mark and 
the second mark with a second incident energy by the 
charged particle beam; 

detecting an electron signal generated from 



the sample by the scanning; 

calculating a positional shift amount of the first 
mark and the second mark from the detected electron 
signal; 

correcting the position of the first mark on the 
sample based on the calculated positional shift amount; 
and 

aligning and exposing a desired pattern based on 
the corrected position of the first mark. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1 is a schematic configuration diagram 
showing a conventional electron beam exposure 
apparatus . 

FIG. 2A is an explanatory view showing a problem 
of increased stage movement in a conventional exposure 
method. 

FIG. 2B is an explanatory view showing a problem 
of insolubility of a resist in the conventional 
exposure method. 

FIG. 3A is a schematic configuration diagram 
showing an electron beam exposure apparatus according 
to a first embodiment of the present invention. 

FIG. 3B is a block diagram showing a control 
system of the exposure apparatus of FIG. 3A. 

FIGS. 4A to 4C are diagrams showing a movement of 
a main part of the exposure apparatus in the course of 
alignment in the first embodiment. 



FIG. 5A is a sectional view of a wafer and shows 
a method of forming a vernier pattern. 

FIG. 5B is an explanatory view of a position 
relation between the vernier pattern and an alignment 
mark. 

FIG. 5C is an explanatory view of a positional 
shift of the vernier pattern. 

FIG. 5D is a sectional view of the wafer and shows 
an electron beam scanned to measure the positional 
shift. 

FIG. 5E is a diagram showing a secondary electron 
beam intensity profile obtained as a result of the 
electron beam scanning of FIG. 5D. 

FIG. 6 is a flowchart of an alignment method in 
the first embodiment. 

FIG. 7 is an explanatory view showing a voltage 
contrast image of an alignment mark pattern and vernier 
pattern, and an obtained positional shift amount. 

FIG. 8 is a diagram showing the stage movement for 
detecting the mark in the first embodiment. 

FIG. 9A is a diagram showing a relation between 
a second incident energy and a contrast during pattern 
observation with respect to a sample shown in FIG. 5A. 

FIG. 9B is a photograph showing a contrast state 
in which an incident energy is 3 keV in FIG. 9A. 

FIG. 10 is a flowchart of an alignment method in 
a modification example of the first embodiment. 



FIG. 11 is a schematic configuration diagram 
showing an electron beam exposure apparatus according 
to a second embodiment. 

FIGS. 12A to 12D are diagrams showing the movement 
5 of the main part of the exposure apparatus in the 

course of the alignment in the second embodiment. 

FIG. 13 is a flowchart of the alignment method in 
CjJ the second embodiment. 

;|| FIG. 14 is a schematic configuration diagram 

lm 10 showing the electron beam exposure apparatus according 

to a third embodiment. 

FIGS. 15A and 15B are diagrams showing a schematic 
lil configuration and exposure method of the electron beam 

^ exposure apparatus according to a fourth embodiment. 

lU 15 FIGS. 16A and 16B are diagrams showing the 

schematic configuration and exposure method of the 
electron beam exposure apparatus according to the 
modification example of the fourth embodiment. 

FIG. 17 is a schematic configuration diagram 
2 0 showing the electron beam exposure apparatus according 

to a fifth embodiment. 

FIGS. 18A to 18C are explanatory views of a stage 
driving method in the fifth embodiment. 

FIG. 19 is a schematic configuration diagram 
25 showing the electron beam exposure apparatus according 

to a sixth embodiment. 

FIG. 20 is an explanatory view of the stage 



driving method in the sixth embodiment. 

FIG. 21 is an explanatory view of the stage 
driving method in the modification example of the 
sixth embodiment. 

FIG. 22 is a photograph for a view showing 
an alignment mark image and voltage contrast image by 
a charged trace of the vernier pattern. 

DETAILED DESCRIPTION OF THE INVENTION 

An outline of the present invention will be 
described prior to description of embodiments. In the 
present invention, an electron beam exposure system, 
and the like are used to expose a second mark (vernier 
pattern, and the like formed on a resist on a wafer) 
based on position information of a first mark disposed 
on the wafer, a positional shift between the vernier 
pattern and an alignment pattern (first mark) is 
measured, and the positional shift is corrected, so 
that the exposure with a high-precision alignment is 
realized. 

Moreover, positions of only some of the alignment 
marks formed on the wafer are detected, global 
alignment is performed, and other mark positions are 
calculated, so that a time required for the mark 
detection can be reduced as compared with a 
conventional method. As a result, a productivity in 
electron beam exposure can be enhanced. 

Furthermore, a second incident energy for 



measuring the positional shift is set to be smaller 
than a first incident energy for forming the vernier 
pattern. Therefore, when a resist surface is scanned 
with a beam with the second incident energy, a latent 
5 image in the resist exposed with the first incident 

energy, that is, the vernier pattern is prevented from 
being superposed and exposed, and the latent image can 
1*3 therefore be detected with a high precision. As a 

.£i result, it is possible to highly precisely measure a 

Si 

10 positional shift amount between the alignment mark and 

Si 

y. the vernier pattern, and further the alignment exposure 

L can be realized with the high precision. 

Particularly, when the second incident energy is 

H set to 3 keV or less, only about 0.3 \xra. from the 

S3 

ili 15 surface is exposed with a several micrometers thick 

insulator film on the mark. Therefore, the insulator 
film surface can effectively be charged. Moreover, 
when a range of the charging beam having the second 
incident energy is set to be smaller than the resist 

20 film thickness, there is no fear that the pattern 

exposed with the first incident energy is superposed 
and exposed in a depth direction. Moreover, when a 
bias voltage is applied to a sample in a method for 
changing the first and second incident energies, 

25 an electron gun and electron beam optics for the 

exposure, and an optics for detecting the positions of 
the latent image and alignment mark can be used in 



common. As a result, an apparatus configuration can be 
simplified. 

Additionally, a characteristic of the present 
invention lies in that the positional shift between the 
vernier pattern and the alignment pattern is measured 
by scanning the resist surface with the charging beam 
having a relatively low energy. This principle will 
briefly be described. 

A sample whose surface is formed of an insulating 
material is scanned with the charging beam having a low 
energy, and the insulating material surface is charged. 
In this case, a potential distribution with a sectional 
structure of the sample reflected therein is formed on 
the sample surface. On the other hand, a generation 
efficiency of a secondary electron generated by 
scanning the charging beam changes with the surface 
potential distribution. As a result, when the sample 
having the surface formed of the insulating material is 
scanned with the charging beam having the low energy, 
it is possible to obtain a secondary electron signal 
(voltage contrast image) with the sectional structure 
of the sample reflected therein. 

Moreover, when a chemical, electrical, or physical 
change is generated in the resist by the exposure, 
the surface potential distribution can be formed. 
For example, when a conductivity of the resist is 
changed by the exposure, the secondary electron signal 



obtained by scanning the resist surface with the 
charging beam having the low energy indicates different 
intensities in an exposed/unexposed portion. As a 
result, it is possible to obtain the voltage contrast 
image corresponding to the exposed/unexposed portion of 
the resist. 

Embodiments of the present invention will be 
described hereinafter with reference to the drawings. 
(First Embodiment) 

FIG. 3A is a schematic configuration diagram 
showing an electron beam exposure apparatus according 
to a first embodiment of the present invention, and 
FIG. 3B is a block diagram showing a control system of 
the apparatus. The present apparatus is an electron 
beam exposure apparatus of a variable shaped and 
character projection type with an acceleration energy 
of 5 keV. One characteristic of the present invention 
lies in that the conventional acceleration energy of 
about 50 keV is changed to a low energy of 1 to 8 keV. 
Functions of respective components will be described 
hereinafter . 

As shown in FIG. 3A, an electron beam 14 
discharged from an electron gun 1 is emitted onto a 
first aperture 3 by a capacitor lens 2a. The electron 
beam 14 transmitted through the first aperture 3 is 
projected onto a second aperture 5 by a projection 
lens 2b. The first aperture 3 has a rectangular 
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opening, and the second aperture 5 has a character 
opening to form a repeated pattern in addition to the 
rectangular opening. A shaping deflector 4a deflects 
the electron beam 14 in an arbitrary position on the 
second aperture 5, so that a desired beam shape is 
realized. 

A wafer (sample) 6 on a stage (sample base) 7 is 
irradiated with the electron beam 14 transmitted 
through the second aperture 5 by a reduction and 
objective lens 2c. In this case, the electron beam 14 
on the wafer 6 is positioned by an objective 
deflector 4b. 

Additionally, in many cases, the deflector 4a for 
use in selecting the beam position on the second 
aperture 5 is disposed above and below the second 
aperture 5 in order to deflect the beam from an optical 
axis and return the deflected beam to the optical axis. 
However, only the upper deflector is shown here for the 
sake of simplicity. 

Mirrors 9 are disposed on two side surfaces of 
the stage 7 loaded with the wafer 6, and a laser 
interferometer 10 for irradiating these mirrors 9 with 
laser beams is disposed. The laser interferometer 10 
constantly measures the position of the stage 7. 
Moreover, an electron detector 11 is disposed opposite 
to the wafer 6. Furthermore, a reflected and a 
secondary electron signals generated when an alignment 



mark 12 formed on the wafer 6 scanned with the electron 
beam are detected by the detector 11. 

The configuration described above is basically 
similar to that of the conventional apparatus, but 
the following characteristic configuration is added to 
the first embodiment. That is, the characteristic of 
the present apparatus lines in that a sample power 
supply 16 for applying the voltage to the wafer 6 via 
the stage 7 is disposed. Thereby, for example, when 
a voltage of -4 kV is applied to the wafer 6, the 
incident energy to the wafer 6 can be set to a low 
energy of about 1 keV. 

The control system of the exposure apparatus 
according to the first embodiment will next be 
described with reference to FIG. 3B . The same 
components as those of FIG. 3A are denoted with the 
same reference numerals and redundant description is 
omitted. In FIG. 3B, a reference numeral 109 denotes 
a beam control circuit, 110 denotes a beam 
position/shape control circuit, 111 denotes a lens 
control circuit, 112 denotes a detection amplifier, 113 
denotes a calculation circuit, 114 denotes a correction 
circuit, 115 denotes a stage (sample base) control 
circuit, 116 denotes an exposure control circuit, 
and 119 denotes an incident energy control circuit. 
Additionally, the lenses are omitted from FIG. 3B . 

The beam control circuit 109 turns on/off the 
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electron beam 14 based on a command of the exposure 
control circuit 116. The beam position/ shape control 
circuit 110 controls the deflector 4a to determine 
an electron beam shape, and controls the deflector 4b 
to position the electron beam 14 in a desired position 
on the wafer 6 based on the command of the exposure 
control circuit 116. The lens control circuit 111 
controls the voltage of the lens (not shown) based on 
the command of the exposure control circuit 116, and 
projects the electron beam 14 with a reduced size onto 
the wafer 6. The stage control circuit 115 moves the 
stage 7 to the desired position based on the command of 
the exposure control circuit 116. The incident energy 
control circuit 119 controls the incident energy of the 
electron beam 14 incident upon the wafer 6 based on the 
command of the exposure control circuit 116. 

As described above, the electron beam 14 
discharged from the electron gun 1 is shaped by the 
first aperture 3. Furthermore, the electron beam 14 
passed through the first aperture 3 is emitted to 
the desired position on the second aperture 5 by 
the deflector 4a. Openings (not shown) having various 
shapes are formed in the second aperture 5. The 
deflector 4a aligns the electron beam 14 with the 
desired opening on the second aperture 5. Thereby, the 
electron beam 14 passed through the second aperture 5 
is shaped in a desired shape. The electron beam 14 
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passed through the second aperture 5 is projected in 
the reduced size onto the wafer 6 by the lens system 
(not shown) . In this case, the deflector 4b positions 
the electron beam 14 in the desired position on the 
5 wafer 6, so that the position is irradiated. 

During exposure, the exposure control circuit 116 
controls the electron gun 1, beam control circuit 109, 
r|j beam position shape control circuit 110, lens control 

Cs circuit 111, and stage control circuit 115 to perform 

Ms 

jjl 10 the exposure based on inputted wafer layout information 

J* 118 and drawing data 117. 

A control procedure using the control system 

- constituted as described above will be described 

Q hereinafter. 

ru 

15 A) The exposure control circuit 116 reads 

positions of a plurality of alignment marks (first 
marks) to be detected on the wafer 6 from the wafer 
layout information 118. Subseguently, the exposure 
control circuit 116 issues a command to the stage 

20 control circuit 115 and moves the stage 7. Thereby, 

the first mark on the wafer 6 is positioned in a range 
which can be exposed to the electron beam. 

B) Subseguently, the exposure control circuit 116 
exposes the second mark having a predetermined shape to 

25 the first incident energy in a predetermined position 

in the vicinity of the first mark. In this case, it is 
meant by the predetermined position in the vicinity of 



the first mark that a position relation between the 
first and second marks is predetermined and the marks 
are exposed with the predetermined relation. In this 
case, the exposure control circuit 116 stores a 
deflected position of the electron beam 14 and a stage 
position. 

C) Then, the incident energy control circuit 119 
is used to change the first incident energy to the 
second incident energy, and scans the region including 
the first and second marks by the electron beam 14 with 
the second incident energy. A secondary electron 
generated by the scanning is detected by the detector 
11. The secondary electron signal detected by the 
detector 11 is amplified by the detection amplifier 
112, and transmitted as an image signal or a waveform 
signal to the positional shift amount calculation 
circuit 113. The positional shift amount calculation 
circuit 113 calculates the positional shift amount 
between the first and second marks from the transmitted 
image or waveform signal. The calculated positional 
shift amount between the first and second marks is 
stored by the exposure control circuit 116. 

D) The abovementioned steps A) to C) are 
performed for the number of all the first marks on the 
wafer 6 to be detected. 

E) When the steps A) to D) end, with respect to 
the plurality of first marks to be detected, the 
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exposure control circuit 116 stores (a) the positional 
shift amount between the first and second marks 
calculated by the calculation circuit 113 and (b) the 
stage positions and beam deflected positions when the 
respective first and second marks are exposed. The 
exposure control circuit 116 transmits these data (a), 
(b) , and (c) the position relation of the first and 
second marks in design to the correction circuit 114. 
The correction circuit 114 uses the transmitted data 
(a) , (b) and (c) to calculate a correction amount (d) 
of a position in which the second mark is exposed with 
respect to the designed position relation (c) . The 
correction amount is calculated with respect to all the 
first marks on the wafer 6 to be detected. Thereby, 
the correction amount (d) corresponding to a plurality 
of positions on the wafer 6 can be obtained. The 
correction circuit 114 calculates a function equation 
of the correction amount of a beam position with 
respect to the position (X, Y) on the wafer 6 from the 
calculated correction amount (d) corresponding to the 
plurality of positions on the wafer 6 in order to align 
the beam with the first mark on the wafer. 

F) During drawing, the exposure control circuit 
116 controls the electron gun 1, beam control circuit 
109, beam position shape control circuit 110, lens 
control circuit 111, and stage control circuit 115 to 
perform the exposure based on the inputted wafer layout 



information 118 and drawing data 117. In this case, 
the exposure control circuit 116 uses the function 
equation of the correction amount of the beam position 
with respect to the calculated position (X, Y) on the 
wafer 6 to correct the beam position (X, Y) on the 
wafer 6 and perform the exposure. 

Additionally, in the step E) , the correction 
circuit 114 calculates the function equation of the 
correction amount of the beam position with respect to 
the position (X, Y) on the wafer 6 from the calculated 
correction amount (d) corresponding to the plurality of 
positions on the wafer 6 in order to align the beam 
with the first mark on the wafer 6. However, another 
method may also be used. For example, in order to 
align the beam with the first mark on the wafer 6, a 
function equation of the correction amount of the stage 
position with respect to the position (X, Y) on the 
wafer 6 may also be calculated. 

Moreover, in the above description, the exposure 
of the second mark in the step B, and the electron beam 
scanning by the second incident energy in the step C 
are alternately performed, but another order may also 
be used. For example, after the second mark is exposed 
to the first incident energy with respect to all the 
first mark positions, the electron beam may be scanned 
by the second incident energy with respect to all the 
first mark positions. 



An alignment method in the first embodiment will 
next be described with reference to FIGS. 3B, 4A to 4C 
5A to 5E, and 6. FIGS. 4A to 4C are diagrams showing 
the movement of the exposure apparatus with the 
alignment, and FIGS. 5A to 5E are explanatory views of 
the alignment method. A plurality of chips 8 are 
formed on the wafer 6 to be exposed, and the alignment 
mark 12 is disposed on each chip 8. Here, steps 
subsequent to a step of loading the wafer 6 onto the 
stage 7 will be described. 

1) First, position information of all the marks 
12 (first mark 201) to be detected on the wafer 6 is 
read out from the wafer layout information 118 of 
FIG. 3B (SI of FIG. 6) . 

2) Subsequently, as shown in FIG. 4A, the wafer 
is moved to the position in which the electron beam 
exposure is possible, and the alignment exposure is 
performed based on the chip position calculated in 1) . 
In this case, as shown in FIG. 5B, a vernier pattern 

(second mark) 202 is exposed to the first incident 
energy beside the alignment mark (first mark) 201 

(corresponding to the mark 12) (S2 and S3 of FIG. 6) . 

Here, the mark is exposed by the first incident 
energy, while no voltage is applied from the sample 
power supply (i.e., while a voltage of 0 V is applied) 
In this case, the incident energy to the resist is the 
acceleration voltage applied to the electron gun, and 
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indicates 5 keV. Moreover, a section of the alignment 
mark 201 is shown in FIG. 5A. The alignment pattern 
201 is formed of a groove having a width of 0.5 um and 
depth of 0.5 (jm on an Si substrate 200, and the pattern 
5 is coated with an insulator film 203 having a thickness 

of 0.5 (im. The insulator film 203 is flatted, and 
coated with a resist 204 having a thickness of 0.2 |im. 
Subsequently, the resist is irradiated with an electron 
;,|| beam 206a and the latent image 202 is formed. 



ry 



In FIG. 5A, the alignment pattern 201 is a recess 
formed on the substrate 200, but it may be a protrusion 
formed on the substrate 200 and buried in the flatted 
insulator film 203. 

3) Subsequently, as shown in FIG. 4B, the sample 
power supply 16 is used to apply a voltage of 4 kV to 
the wafer 6. Thereby, the energy of the electron beam 
14 incident upon the wafer 6 decreases to 1 keV, and 
the range of the electron becomes smaller than the 
resist film thickness. In this case, as shown in 
FIG. 5C, the periphery of the vernier pattern exposed 
in 3) is scanned. The section during the beam scanning 
is shown in FIG. 5D. Since the incident energy of an 
electron beam 206b is small, a scanned region 205 is 
not exposed down to a bottom thereof (S6 to S8 of 
FIG. 6) . 

When the secondary electron signal obtained by the 
beam scanning is detected, the voltage contrast image 
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can be detected as shown in FIG. 5E . It is possible to 
detect a relative positional shift amount of the 
alignment mark 201 and vernier pattern 202 from 
the voltage contrast image. This step is performed on 
5 a plurality of positions, and a correction value (Ax, 

Ay) is obtained in each position (S9 of FIG. 6) . 
Nl FIG. 7 shows the voltage contrast image of an 

a 

Q alignment mark pattern and vernier pattern. In FIG. 7, 

41 

f=y AX indicates the correction value. 

ijj 10 4) The correction value obtained in 3) is 

considered in the chip position calculated in 1) , and 

rjj a more accurate chip position is calculated (Sll of 

H FIG . 6) . 

"4 

!~'J 5) Subseguently, as shown in FIG. 4C, the sample 

15 power supply 16 stops the voltage application, and the 

alignment exposure of a mask pattern is performed by 
a desired acceleration energy based on the chip 
position obtained in 4) (S12 of FIG. 6) . 

An action and effect of the exposure performed as 
20 described above will be described hereinafter. 

First, since the global alignment is performed, 
the freguency of the stage movement 20 can be reduced 
as shown by arrows of FIG. 8. As a result, a time 
required for detecting the mark can be reduced as 
25 compared with the conventional method, and a 

productivity in the electron beam exposure can be 
enhanced. 
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Secondly, the vernier pattern 202 is exposed based 
on the position information of the first mark from the 
wafer layout information file, the positional shift 
between the vernier pattern 202 and the alignment 
5 pattern 201 is measured, and an alignment error is 

corrected. Thereby, a precision in the global 
yi alignment can be enhanced. 

In the global alignment, all the chips on the 
1^1 wafer are not positioned during the exposure, 

jij. 10 Therefore, in the conventional method, after 

a preliminary wafer is aligned/exposed and the pattern 
S3 is formed before the exposure step, the positional 

w 

Q shift of the pattern is inspected, and the position 

'SI 

Q needs to be corrected during the exposure step. 

m 

15 Additionally, the preliminary wafer is a testing 

substrate subjected to a process flow similar to that 
of a desired exposure substrate. Such preliminary 
treatment substantially deteriorates an exposure 
throughput, and also deteriorates the precision of the 

20 alignment exposure. 

On the other hand, in the first embodiment, after 
the global alignment, the vernier pattern (second mark) 
is exposed, and further the alignment error from the 
alignment mark (first mark) can be measured without 

25 removing the chip from the apparatus. As a result, the 

treatment of the preliminary wafer as a disadvantage of 
the conventional global alignment is unnecessary, and 
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the exposure throughput is enhanced. Furthermore, the 
correction value can be obtained in the apparatus. 
Therefore, even when the correction value is obtained 
for each wafer to be exposed, the exposure throughput 
is not deteriorated, different from the conventional 
method. As a result, the alignment exposure can be 
realized with the high precision. 

Thirdly, the second incident energy in the pattern 
observation is smaller than the first incident energy 
during the pattern exposure. As a result, even when 
the resist surface is scanned with the beam and the 
pattern is observed, the latent image (vernier pattern) 
in the resist exposed with the first incident energy is 
prevented from being superposed and exposed. 
Therefore, the latent image can be detected with the 
high precision. As a result, it is possible to highly 
precisely measure the positional shift amount between 
the alignment mark and the vernier pattern. 

Particularly, when the second incident energy is 
set to 3 keV or less, only about 0.3 um from the 
surface of the insulator film having a thickness of 
several micrometers on the mark is exposed, and the 
surface can effectively be charged. Moreover, when the 
second incident energy is set to 1 keV or less, only 
about 0.05 urn from the resist surface is exposed. This 
can be regarded as only little exposure, and is more 
effective . 
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Here, FIG. 9A shows a relation between the 
second incident energy and contrast during the pattern 
observation with respect to the sample shown 
in FIG . 5A. Here, a contrast C is defined as 
5 C= | A-B | / | A+B | . A character A denotes a signal value 

from the mark, and B denotes a signal value from 
portions other than the mark. 

As shown in FIG. 9A, when the acceleration voltage 
is about 3 keV, a maximum contrast is obtained. There 
} are various substrate types. However, with the 

incident energy substantially of about 3 keV, the 

0 voltage contrast image (FIG. 9B) having a satisfactory 

UJ 

Q contrast is obtained. This is because the resist 

N 

53 surface can efficiently be charged with this energy as 



described above. 

Fourthly, a bias voltage is applied to the wafer 6 
in order to change the incident energy during the 
pattern observation and during the pattern exposure. 
In this case, the electron gun and electron beam optics 
for the exposure, and the optics for detecting the 
positions of the latent image and alignment mark can be 
used in common. As a result, the apparatus 
configuration can be simplified. 

Additionally, in the first embodiment, the energy 
application from the sample power supply 16 is stopped, 
and the first incident energy is set to 5 keV when the 
exposure is performed. However, the energy application 
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from the sample power supply 16 does not have to be 
stopped. The incident energy during the exposure is 
not limited as long as the electron is passed through 
the resist. 

5 Moreover, in the aforementioned embodiment, the 

stage is moved based on the position information of the 
mark 12 (first mark 201) read out from the wafer layout 
i information file 118. When a mechanical precision 

during mounting of the wafer 6 onto the stage 7 is 
W 10 insufficient, the second mark (vernier pattern) cannot 

» be exposed in the vicinity of the mark 12. In this 

UJ case, the exposure may be performed as follows (see 

S! a flowchart of FIG. 10) . 

ID 1) The exposure control circuit 116 reads the 

15 positions of the plurality of alignment marks (first 

marks 201) to be detected on the wafer 6 from the wafer 
layout information 118. Subsequently, the exposure 
control circuit 116 issues the command to the stage 
control circuit 115 and moves the stage 7. Thereby, 
20 the first mark 201 on the wafer 6 is positioned in the 

range which can be exposed to the electron beam (SI, S2 
of FIG. 10) . 

2) Subsequently, the exposure control circuit 116 
uses the incident energy control circuit 119 to change 
25 the first incident energy to the second incident 

energy, and scans the region including the first mark 
201 by the electron beam 14 with the second incident 
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energy. The secondary electron generated by the 
scanning is detected by the detector 11. The secondary 
electron signal detected by the detector 11 is 
amplified by the detection amplifier 112, and the 
positional shift amount calculation circuit 113 
calculates the positional shift amount of the first 
mark 201 from the image signal or the waveform signal. 
The positional shift amount is a shift amount between 
an actual first mark position and a value estimated 
based on the wafer layout information 118. The 
calculated positional shift amount of the first mark is 
stored by the exposure control circuit 116 (S5 of 
FIG. 10) . 

3) Subsequently, the exposure control circuit 116 
exposes the second mark having the predetermined shape 
with the first incident energy in the predetermined 
position in the vicinity of the first mark. In this 
case, it is meant by the predetermined position in the 
vicinity of the first mark that the position relation 
between the first and second marks is predetermined and 
the marks are exposed with the predetermined relation. 
In this case, the exposure control circuit 116 stores 
the deflected position of the electron beam 14 and the 
stage position (S7 of FIG. 10) . 

4) Subsequently, the incident energy control 
circuit 119 is used to change the first incident energy 
to the second incident energy, and scans the region 



including the first and second marks by the electron 
beam 14 with the second incident energy. The secondary 
electron generated by the scanning is detected by the 
detector 11. 

The secondary electron signal detected by the 
detector 11 is amplified by the detection amplifier 
112, and transmitted as the image signal or the 
waveform signal to the positional shift amount 
calculation circuit 113. The positional shift amount 
calculation circuit 113 calculates the positional shift 
amount between the first and second marks from the 
transmitted image or waveform signal. The calculated 
positional shift amount between the first and second 
marks is stored by the exposure control circuit 116 (S9 
and S10 of FIG. 10) . 

5) The steps 2 to 4 are performed for the number 
of all the first marks 201 on the wafer 6 to be 
detected. Similarly as the first embodiment, the 
correction value is considered, the chip position is 
calculated, and the alignment exposure is performed 
(S14, S15 of FIG. 10) . 

Even in this method, the effect similar to that of 
the aforementioned embodiment can be obtained. 

(Second Embodiment) 

FIG. 11 is a schematic configuration diagram 
showing the electron beam exposure apparatus according 
to a second embodiment of the present invention. 



The control system of the exposure apparatus is similar 
to that shown in FIG . 3B of the first embodiment. 

In addition to the configuration of the first 
embodiment, the second embodiment has the following 
characteristic configuration. That is, the 
characteristic of the present apparatus lies in that 
an off-axis optical microscope 15 is disposed. The 
off-axis optical microscope 15 irradiates the mark 12 
on the wafer 6 with the laser beam, detects an optical 
image by a scattered light or a reflected light, and 
thereby detects the mark position. 

The alignment method in the second embodiment will 
next be described with reference to FIGS. 12A to 12D, 
and 13. FIGS. 12A to 12D are diagrams showing the 
movement of the exposure apparatus with the alignment, 
and FIG. 13 is a flowchart of the alignment method. 
The plurality of chips 8 are formed on the wafer 6 to 
be exposed, and the alignment mark 12 is formed in each 
chip 8. Here, steps subsequent to the step of mounting 
the wafer 6 onto the stage 7 will be described. 

1) First, as shown in FIG. 12A, the off-axis 
optical microscope 15 is used to detect the position of 
the chip 8. In this case, the detection of the 
positions (global alignment) of representative five 
chips (a central chip and four peripheral chips) on the 
wafer 6 is performed. The mark 12 (first mark 201) is 
moved to right under the microscope 15 and the position 
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thereof is detected (SI to S3 of FIG. 13) . 

2) The positions of all the chips on the wafer 6 
are calculated based on a predetermined calculation 
equation from the chip positions obtained in 1) (S5 of 
FIG. 13) . 

3) Subsequently, as shown in FIG. 12B, the wafer 
6 is moved to the position which can be exposed with 
the electron beam, and aligned/exposed with the beam 
based on the chip position calculated in 1) . In this 
case, similarly as shown in FIG. 5B, the vernier 
pattern (second mark) 202 is exposed with the first 
incident energy beside the alignment mark (first mark) 
201 (S6 to S8 of FIG. 13) . 

The condition of the first incident energy is the 
same as that of the first embodiment, and the 
subsequent steps are carried out similarly as S6 and 
the subsequent steps of the first embodiment (FIG. 6) . 

The action and effect of the exposure performed as 
described above will be described hereinafter. 

First, since the off-axis optical microscope 15 
detects the alignment mark, the resist on the mark is 
prevented from being excessively exposed. 

Secondly, with the global alignment, as shown by 
the arrows of FIG. 8, the frequency of the stage 
movement 2 0 can be reduced. As a result, the time 
required for detecting the mark can be reduced as 
compared with the conventional method. As a result, 
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the productivity in the electron beam exposure can be 
enhanced. 

Thirdly, the vernier pattern 202 is exposed 
based on the alignment result by the optical 
5 microscope, the positional shift between the vernier 

pattern 202 and the alignment pattern 201 is measured, 
and the alignment error is corrected. Thereby, 

Q the positioning precision in the global alignment can 

S 

|1j be enhanced . 

Cfl 10 As described above, even in the second embodiment, 
the effect similar to that of the first embodiment can 

0 

yj be obtained. 
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N 
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(Third Embodiment) 

FIG. 14 is a schematic configuration diagram 
showing the electron beam exposure apparatus according 
to a third embodiment of the present invention. 
Additionally, the same components as those of FIG. 11 
are denoted with the same reference numerals, and 
detailed description thereof is omitted. This also 
applies to subsequent embodiments. 

The third embodiment is different from the second 
embodiment in that the power supply 16 for applying the 
voltage to the sample is not disposed, and instead an 
electron beam scanner 60 for observing the pattern is 
disposed. The electron beam scanner 60 for observing 
the pattern has an electron gun 61, projection and 
objective lenses 62a, 62b, and deflector 64, and can 
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scan a desired region on the wafer 6 with an electron 
beam having an acceleration energy of 1 keV. 

With the apparatus, in the afore-mentioned 
step 4), the electron beam scanner 60 is used instead 
of the sample power supply 16, and the periphery of 
the vernier pattern is scanned while the energy of 
the electron beam incident upon the wafer 6 is 
decreased to 1 keV. Thereby, the positional shift of 
each mark can be measured. Therefore, the effect 
similar to that of the first or second embodiment can 
be obtained. 

Additionally, the third embodiment has the 
apparatus configuration in which the sample power 
supply 16 is not used. However, even when the sample 
power supply 16 is added to the third embodiment, there 
is no disadvantage. For example, the electron beam 
scanner 60 for observing the pattern as well as the 
sample power supply 16 may be used to apply the voltage 
to the sample. In this case, the acceleration voltage 
of the electron beam scanner 60 for observing the 
pattern may be determined in consideration of the 
voltage applied from the sample power supply 16. 
Even in this case, the effect similar to that of the 
first embodiment can be obtained. 

(Fourth Embodiment) 

In a fourth embodiment, a method of using 
a standard mark formed on the stage or a wafer pallet 
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to correct a baseline shift of an alignment optics 
and exposure optics will be described. A charged 
particle beam exposure apparatus for use in the 
fourth embodiment has a configuration similar to that 
of the second embodiment. 

In the alignment method of the fourth embodiment, 
first as shown in FIG. 15A, the off-axis optical 
microscope 15 is used to measure the position of a 
standard mark 71 formed on a wafer pallet 77. 
Subsequently, as shown in FIG. 15B, the position of the 
standard mark 71 on the pallet 77 is measured by 
scanning the electron beam. In this manner, the 
baseline shift (positional shift) between the alignment 
optics (off-axis microscope) and the electron beam 
optics is measured. Furthermore, the chip position is 
corrected based on the measured baseline shift, and the 
pattern exposure and vernier exposure are performed. 
This respect is similar to that of the second 
embodiment . 

This method is effective for treating a plurality 
of wafers. For example, when 20 wafers of the same 
type are treated, the first wafer is subjected to a 
treatment similar to that of the second embodiment, and 
only the baseline shift is calculated with respect to 
second and subsequent wafers. When the baseline shift 
is larger than a predetermined reference value, the 
treatment described in the first or second embodiment 



may be performed again. 

Additionally, in the fourth embodiment, the 
standard mark 71 is formed on the wafer pallet 77. 
However, as shown in FIGS. 16A and 16B, a standard mark 
72 for correcting the baseline may be disposed on the 
wafer 6. Even in this case, the effect similar to that 
of the fourth embodiment can be obtained. 

The action and effect of the exposure performed as 
described above will be described hereinafter. 

First, the baseline shift between the alignment 
optics (off-axis microscope) and the electron beam 
optics can be measured, so that the measurement 
precision of the mark position in the alignment optics 
is enhanced. As a result, the positioning precision in 
the pattern exposure and vernier exposure is enhanced. 

Secondly, a treatment time for treating 
a plurality of wafers can be reduced. That is, only 
the first wafer is subjected to the vernier exposure, 
and only the baseline shift is measured with respect to 
the second and subsequent wafers. In this case, 
the time for the alignment can be reduced, and 
the productivity in the drawing with the electron beam 
can be enhanced. 

(Fifth Embodiment) 

In a fifth embodiment, a method of simultaneously 
performing alignment and positional shift inspection 
will be described with reference to FIG. 17. The basic 
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configuration of the electron beam exposure apparatus 
for use herein is similar to that of the exposure 
apparatus used in the second embodiment. However, as 
shown in FIG. 17, the fifth embodiment is different 
from the second embodiment in that two wafer pallets 
77a, 77b for loading the wafer 6 are disposed and 
an alignment operation and exposure operation are 
performed at the same time. An exposure method of the 
fifth embodiment will be described hereinafter in 
detail with reference to FIG. 17. 

1) A wafer 6a is mounted on the pallet 77a in 



0 

Uj an alignment chamber. 

C3 

SS 2) The off-axis optical microscope 15 is used to 

d 

ffj detect the mark position with respect to the wafer 6a 

15 disposed on the pallet 77a. The mark positions of 

eight chips are detected. 

3) Subsequently, the pallet 77a is moved under 
the electron beam optics, and the vernier pattern is 
exposed. Here, the same number of chips as the chips 

20 subjected to the mark position detection, that is, 

eight chips are subjected to the exposure of the 
vernier pattern. 

4) A wafer 6b is mounted on the pallet 77b at the 
same time as the step 3) . 

25 5) The positional shift inspection of the wafer 

6a disposed on the pallet 77a, and the mark position 
detection of the wafer 6b disposed on the pallet 77b 
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are carried out at the same time. Here, the number of 
the chips of the wafer 6b subjected to the mark 
position detection is the same as that of chips of the 
wafer 6a subjected to the positional shift detection, 
and is eight. Therefore, the stage movement frequency 
is the same, and each treatment can be performed 
substantially in the same time. FIG. 17 shows 
this state. 

6) After the positional shift inspection of the 
wafer 6a on the pallet 77a is ended, the chip position 
is corrected and the alignment exposure is performed 
similarly as the second embodiment. In this case, 

the wafer 6b disposed on the pallet 77b is on standby. 

7) After the exposure of the wafer pattern on the 
pallet 77a is ended, the wafer 6b disposed on the 
pallet 77b is moved to under the electron beam optics, 
and the vernier pattern is exposed. Here, the same 
number of chips subjected to the mark position 
detection, that is, eight chips are subjected to the 
exposure of the vernier pattern. 

8) The wafer 6a disposed on the pallet 77a is 
retreated simultaneously with the step 7), and another 
wafer 6 is disposed on the pallet 77a. 

9) The positional shift inspection of the wafer 
6a on the pallet 77a, and the mark position detection 
of the wafer 6b on the pallet 77b are carried out at 
the same time. The operation of the steps 6) to 8) is 



repeated thereafter. 

The characteristic of the fifth embodiment lies in 
a driving method of the stage in the steps 5) and 9) . 
This method will be described with reference to 
FIGS. 18A to 18C. The alignment optics, electron beam 
optics, wafer 6a disposed on the pallet 77a, and wafer 
6b disposed on the pallet 77b are shown. 

FIG. 18A shows a basic arrangement. FIG. 18B 
shows an example in which the pallets 77a and 77b are 
driven in a vertical direction, and FIG. 18C shows an 
example in which the pallet is driven in a horizontal 
direction. 

For the movement for the alignment and electron 
beam (vernier) exposure, as shown in the drawings, the 
pallets 77a and 77b are moved in a symmetric direction 
with respect to a center point P between the alignment 
optics and the electron beam optics. Even when the 
stage is moved at a high speed, a load balance is kept, 
and it is possible to inhibit the apparatus from 
vibrating . 

As described above, according to the fifth 
embodiment, the alignment and the positional shift 
inspection can be performed at the same time. 
As a result, the exposure throughput can be enhanced as 
compared with the treatment of the wafers one by one. 
Moreover, when the loads of two stages are balanced, 
and the stages are driven, the apparatus can be 



inhibited from being vibrated by the stage driving. 
Therefore, the mark position can be detected and the 
beam can be positioned with the high precision, and 
a high-precision alignment can also be realized. 
(Sixth Embodiment) 

A sixth embodiment will be described as 
a modification embodiment of the fifth embodiment with 
reference to FIG. 19. In the embodiment, two wafers 
can be loaded on the wafer pallet. 

The basic configuration of the electron beam 
exposure apparatus for use in the sixth embodiment is 
similar to that of the exposure apparatus used in the 
second embodiment. However, the sixth embodiment is 
different from the second embodiment in that a wafer 
pallet loaded with two wafers is disposed and the 
alignment operation and exposure operation are carried 
out at the same time. 

The exposure method of the sixth embodiment will 
be described hereinafter in detail with reference to 
FIG. 20. FIG. 20 shows the alignment optics, electron 
beam optics, wafer pallet 77, positions A and B on the 
pallet 77, and load/unload positions A and B. 

1) The wafer 6a is loaded in the position A on 
the pallet 77 in the wafer load/unload position A. 

2) The wafer 6a loaded on the pallet 77 is moved 
to under the alignment optics. In this case, the wafer 
6b is loaded onto the pallet 77. 
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3) The off-axis optical microscope is used to 
detect the mark position with respect to the wafer 6a. 
The mark positions were detected with respect to 
eight chips. 

5 4) The wafer 6a is moved to under the electron 

beam optics. The vernier pattern is exposed. Here, 
the same eight chips as the chips subjected to the mark 

U 

ijj position detection were subjected to the exposure of 

fii 

■<i} the vernier pattern. Furthermore, the positional shift 

m 

y, 10 inspection of the wafer 6a under the electron beam 

ill 

j^l optics, and the mark position detection of the wafer 6b 

under the alignment optics are performed at the same 
!|j time. Here, the number of chips subjected to the mark 

5 position detection of the wafer 6b is the same as that 

■ k ' 15 of chips subjected to the positional shift inspection 

of the wafer 6a, and is eight. Therefore, the stage 
movement range becomes the same, and each treatment can 
be performed substantially simultaneously. After the 
positional shift inspection of the wafer 6a is ended, 
20 the pattern exposure of the wafer position is 

performed. 

5) After the pattern exposure of the wafer 6a is 
ended, the wafer 6a is moved to the load/unload 
position B, and the wafer 6a is removed. 
25 Simultaneously, the wafer 6c is loaded in the position 

A on the pallet 77. In this case, the wafer 6b moves 
to under the electron beam optics. 
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6) The pattern of the wafer 6b is exposed. 

7) After the pattern exposure of the wafer 6b is 
ended, the wafer 6b is moved to the load/unload 
position B, the wafer 6b is removed, and a wafer 6d is 

5 loaded. 

Thereafter, the operation of the steps 2) to 7) is 
fc* repeated. 

m 

ig Additionally, as shown in FIG. 21, two alignment 

<|i 

py optics may be disposed. In this case, the operation is 

j* 

ill 10 performed as follows. 

1) The wafer 6a is loaded. 

d 

;7i 2) The wafer 6a is aligned. 

^ 3) The vernier exposure of the wafer 6a is 

y 

performed, the positional shift inspection of the wafer 
15 6a is performed simultaneously with the alignment of 

the wafer 6b, and subsequently the pattern of the wafer 
6a is exposed. 

4) The wafer 6a is removed and the wafer 6c is 
loaded. 

20 5) The vernier exposure of the wafer 6b is 

performed, the positional shift inspection of the wafer 
6b and the alignment of the wafer 6c are simultaneously 
performed, and subsequently the pattern exposure of the 
wafer 6b is performed. 

25 According to the sixth embodiment, similarly as 

the fifth embodiment, the alignment can be carried out 
simultaneously with the positional shift inspection. 
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As a result, the exposure throughput can be enhanced 
with the treatment of the wafers one by one. 

Additionally, the present invention is not limited 
to the respective embodiments. The configuration of 
5 the exposure apparatus is not limited to the 

configuration of FIG. 3A or FIG . 11, and can 
appropriately be changed in accordance with 
O specifications. Moreover, the present invention is not 

>M limited to the electron beam, and can also be applied 

ru 

|*a 10 to the exposure in which an ion beam is used. 

1*5, The latent image in the resist described in the 

embodiments indicates that the chemical, electrical, or 
|2j physical change is generated in the resist by the 

charged particle beam exposure. Concretely, a change 



Hi 



of film thickness or a change of conductivity is 
generated by decomposition of a photosensitive 
material. The present invention can also be applied 
even when the change of the resist (i.e., the latent 
image) by the charged particle beam exposure is not 
remarkably generated. Here, a case in which the latent 
image by the charging beam is not easily generated 
corresponds to 1) the exposure of the vernier pattern 
with a small exposure amount to such an extent that the 
resist is not exposed, 2) a case in which an Si oxide 
film, and the like require a large exposure amount, 
and 3) the use of a resist which does not easily cause 
a film thickness change or a conductivity change by 
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the charged particle beam exposure. Even in this case, 
when the vernier pattern is exposed, and a charged 
trace is formed on the resist surface, the positional 
shift amount between the vernier pattern and the 
5 alignment mark can be detected. FIG. 22 shows the 

alignment mark image and the voltage contrast image by 

I** a charged trace of the vernier pattern. 

f 

Q Moreover, to measure the alignment error of the 

ill 

fij vernier pattern and alignment mark in the embodiment, 

kk 

iji 10 the electron beam may be scanned at random in a beam 

„ scanning region, or may be scanned in a reciprocating 

l 4 j direction. In this manner, a distortion of the signal 



waveform depending on the beam scanning direction can 
be reduced. 

As described above in detail, according to the 
present invention, when the alignment mark is detected 
with the optical microscope, the resist on the mark is 
not excessively exposed. Moreover, the vernier pattern 
is exposed based on the position information of the 
alignment mark, the positional shift between the 
vernier pattern and the alignment pattern is measured, 
and the alignment error is corrected, so that the 
alignment exposure can be realized with the high 
precision . 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
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the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents 



